Abstract. In this paper, we consider an implicit finite difference method for solving fuzzy partial differential equations (FPDEs). We present stability of this method and solve the parabolic equation with this scheme.
Introduction
Calculation of the solution of fuzzy partial differential equations is in general very difficult. We can find the exact solution only in some special cases. When we are studying in fields of physics and engineering, we often meet the problems of fuzzy partial differential equations where sometimes have to solving those as numerical methods. The topics of numerical methods for solving fuzzy differential equations have been rapidly growing in recent years. The concept of fuzzy numbers and arithmetic operations with these numbers were first introduced and investigated by Zadeh [11] and others.The fuzzy derivative was first introduced by S.L. Chang, Zadeh in [5] . The fuzzy differential equations and fuzzy initial value problem were regularly treated by O.Kaleva and S.Seikkala in [7, 8, 9] . J. Buckley and T. Feuring investigate exist of solution for FPDE in [4] . In [1, 2] T.Allahviranloo used a numerical method (explicit finite difference method) to solve FPDE, that was based on Seikkala derivative. This paper is organized as follows: In Section 2, we bring some basic definitions of fuzzy theory. In Section 3, we introduce fuzzy partial differential equations base on the Siekkala derivative. Finite difference method for fuzzy partial differential equation is discussed in Section 4. The necessary conditions will discuss for stability of the proposed method in Section 5. The implicit difference method is illustrated by solving an example in Section 6. We conclude in Section 7.
Preliminaries
• We placed a tilde sign(∼) over a letter to denote a fuzzy number as subset of the real number.
• We writeÃ(x), a number in [0, 1] , for the membership function ofÃ evaluated at x.
• An α − cut ofÃ, writtenÃ [α] , is defined as {x|Ã(x) ≥ α}, for 0 < α ≤ 1.
• The triangular fuzzy numberÑ is defined by three number a 1 < a 2 < a 3 , where the graph ofÑ (x), the membership function of the fuzzy numberÑ , is a triangle with the base on the interval [a 1 , a 3 ] and vertex at x = a 2 . We specifyÑ as (a 1 , a 2 , a 3 ). We write:
We represent an arbitrary fuzzy number by an ordered pair of function (u(r), u(r)), 0 ≤ r ≤ 1, which satisfies the following requirements: 
kx
= (kx, kx) k ≥ 0, (kx, kx) k < 0. 3. x + y = (x(r) + y(r), x(r) + y(r)). 4. x − y = (x(r) − y(r), x(r) − y(r)).
x.y = {min{x(r).y(r), x(r).y(r), x(r).y(r), x(r).y(r)}, max{x(r).y(r), x(r).y(r), x(r).y(r), x(r).y
Since the α − cut of fuzzy numbers are always a closed and bounded, intervals, so we can writeÑ 
Finite difference method
AssumeŨ is a fuzzy function of the independent crisp variables x and t. Subdivided the x − t plane into sets of equal rectangles of sides δx = h, δt = k, by equally space grid lines parallel to Oy, defined by x i = ih, i = 0, 1, 2, ... and equally spaced grid lines parallel to Ox, defined by y j = j = 0, 1, 2, ... . Denote the value ofŨ at the representative mesh point p(ih, jk) bỹ
and also denote the parametric form of fuzzy number,Ũ i,j as follow
Then by taylor's theorem and definition of standard difference (
, where
By (10) we have
with a leading error of order h 2 . Similarly, with this notation the forwarddifference approximation for (D tŨ ) at p is
with a leading error of O(k). By (11) and (12) and technique of Crank-Nicolson (C-N), the finite difference representation of equation
or the following equations must be hold: 
A Necessary Condition for Stability
Now we are going to consider the stability of the classical implicit equations (14) . If the boundary values are know at i = 0 and N , j > 0, then the 2(N − 1) equations can be written in matrix as
where
Thus
We first give Theorem 4.1 and then prove the stability of the above method in Theorem 4.2.
Theorem 4.1 Let matrix P has spacial structure as follow
A B B A .
Then the eigenvalues of P are union of eigenvalues of A + B and eigenvalues of A − B [3] . Now we prove the stability of C − N method in the following theorem. (14) for all λ are stable.
Theorem 4.2 Difference equations
Proof: It is sufficient to show that ρ(T ) < 1 in (15). Thus, by Theorem 4.1, it is enough to find eigenvalues of A + B and A − B, where 
The eigenvalues for above matrixes are:
We know when ρ(T ) = ρ(P −1 Q) < 1, then iterative method is stable.
for all λ. Therefore, the scheme is stable.
Example
Consider the fuzzy parabolic partial differential equation 
Conclusion
The fuzzy partial differential equation can be applied for modeling in physics, engineering and mechanical systems. In this paper, we applied an implicit finite difference method to solve some partial differential equations. Moreover, the numerical examples gave a good approximation for the solutions. 
